Introduction
Non-valvular atrial fibrillation (AF) is a common cardiac arrhythmia that predisposes to left atrial thrombus formation and carries an increased risk for stroke [1] . Older people are particularly at high risk because the prevalence of AF and the risk of AF-associated stroke increase with age [2, 3] . In people over 75 years, AF is the most important single cause of ischaemic stroke (IS) [4] .
Meta-analyses of randomised clinical trials have demonstrated the efficacy of anticoagulation therapy for the primary prevention of stroke in AF patients [5, 6] . In addition, the European Atrial Fibrillation Trial (EAFT) has established the value of anticoagulation for the secondary prevention of thromboembolic events [7] . Despite the preventive potential of oral anticoagulants (OA), several studies have reported that less than 50% of older patients who have clear-cut indications and no contraindications receive OA [8] [9] [10] [11] [12] .
This low use of warfarin is driven by many factors, but physicians' fear of haemorrhage is among the most important [12] [13] [14] . Moreover, older people were significantly under-represented in clinical trials with only 20% of patients being over 75 [5] , although more than 50% of AF patients were in this age group in population-based trials [1] . Additional trials that focus on this specific subgroup of AF patients are warranted to define better the risks and benefits of antithrombotic therapies [4] . The aim of the present study was to assess the influence of anticoagulation therapy on long-term prognosis in stroke patients over the age of 75 and with AF after adjusting for baseline risk factors.
Subjects and methods

Baseline assessment
This study was based on 1736 first ever stroke patients consecutively included in the 'Athens Stroke Registry' between June 1992 and December 2003. This is a computerised prospective observational databank, gathered in a university teaching hospital, which provides tertiary care services to the urban population of Athens. Details of the stroke population evaluated over the first 5 year period and exclusion criteria have been previously described [15] .
All patients were hospitalised in a five bed acute stroke unit or a general medical ward. On admission, a physician specialising in stroke examined all patients. The initial evaluation consisted of a non-contrast brain CT scan, standard blood tests, a chest X-ray and a 12-lead electrocardiogram. A second CT scan or brain MRI was performed in most cases (4-14 days later). During hospitalisation the following risk factors were documented: hypertension, diabetes mellitus, atrial fibrillation, hypercholesterolaemia, smoking, coronary artery disease, congestive heart failure and history of transient ischaemic attacks (TIA) [15] . Atrial fibrillation was classified as intermittent if electrocardiographic evidence of sinus rhythm between at least two episodes of AF during the preceding 12 months was obtained and as constant if electrocardiographic evidence of sustained AF for more than 3 weeks without intervening sinus rhythm in the preceding 12 months was obtained [16] .
All patients with no evidence of intracerebral haemorrhage on the first CT scan received aspirin (100-325 mg) on admission. According to the treating physician's decision both in the stroke unit and the general medical wards anticoagulation was initiated 1-4 weeks after ictus in medically and neurologically stable AF patients after radiographic exclusion of haemorrhagic infarct transformation. The remaining patients were treated with aspirin (100-325 mg daily). The selection of patients for anticoagulation therapy relied heavily on their compliance, the presence of a motivated family environment and their access to anticoagulation services. The target range for anticoagulation was an international normalised ratio (INR) of 2.0-3.0 using adjusted OA doses according to current recommendations [17] . We used the modified Rankin Scale adapted by the Oxfordshire Community Stroke Project to classify the functional deficit at hospital discharge [18] . Disabling strokes were defined as those with Rankin Scores of 2-5 [14, 18] .
Study population
We prospectively evaluated the cases fulfilling all the following criteria: (i) age over 75 years; (ii) electrocardiographically proven AF in the 12 months preceding the index event; (iii) first ever IS (347 cases fulfilled the above-mentioned three criteria); (iv) survival during hospitalisation (78 patients excluded on the basis of this criterion); (v) no echocardiographic evidence of valvular disease (eight patients excluded on the basis of this criterion); (vi) no other sources of cardiac emboli: prosthetic valves, cardiac aneurysm, myocardial infarction in the preceding 3 months, atrial myxoma, cardiothoracic ratio >0.65 (11 patients excluded on the basis of this criterion) [7] ; (vii) no contraindications for OA: repeated falls, chronic alcohol habituation, recurrent syncope, uncontrolled seizure disorder, uncontrolled hypertension, gastrointestinal or genitourinary bleeding in the preceding 6 months and daily use of non-steroidal antiinflammatory drugs (21 patients excluded on the basis of this criterion) [16] . Patients who were transferred to rehabilitation centres (n = 17) or lost (n = 5) during follow-up were excluded from further evaluation. The final study population consisted of 207 patients over 75 years with stroke and AF.
Follow-up
All survivors were followed up prospectively at month 1, 3 and 6, and every 6 months thereafter, up to 10 years after stroke by a study investigator and a trained nurse. Followup was routinely performed in our outpatient clinic or in the patient's place of residence in cases with severe handicap. The outcome events of interest were death and recurrent vascular event (stroke and systemic embolism). To determine recurrent vascular events and causes of death we evaluated all the available information obtained from death certificates, hospital records, physicians' notes in private practice, necropsy findings and the patients' clinical presentation at the regular follow-up assessments.
Recurrent stroke was defined as a cerebrovascular event of sudden onset and lasting for more than 24 hours subsequent to the initial stroke that clearly resulted in a new or an increase in an existing neurological deficit [7, 19] . The diagnosis of systemic embolism was clinically defined as abrupt vascular insufficiency of limbs or internal organs associated with clinical or radiological evidence of arterial occlusion, in the absence of other likely mechanisms (atherosclerosis) [19] . The causes of death were divided into the following subgroups: (i) death due to infections (pulmonary infections, urinary infections and septic shock); (ii) death due to vascular causes (myocardial infarction, cardiac arrhythmia, acute pulmonary oedema or heart failure, systemic embolism, recurrent stroke); (iii) death due to other cause (e.g. renal failure, cancer); (iv) undetermined cause of death.
Statistical analyses
Statistical analysis was performed to compare patients on OA (group A) and on aspirin (group B) in terms of demographics, pre-existing conditions and functional outcome at hospital discharge. Dichotomous or categorical variables were compared with the chi-squared test and continuous variables were compared with the unpaired t-test or MannWhitney U test as indicated. Continuous data are presented as mean (SD) and non-continuous data as percentages. The Kaplan-Meier product limit method was used to estimate the probability of survival and recurrent vascular events after 10 years from the index event. To evaluate which factors contribute to long-term mortality and vascular recurrence, a univariate Cox's proportional hazards model was used. Those factors that contributed to the outcome in the univariate analyses at P values <0.1 (because of the risk of type II error due to low statistical power in such an analysis) were included in the multivariate model as candidate variables. In the final multivariate analyses, statistical significance was achieved if P < 0.05. Associations are presented as hazards ratios (HR) with their corresponding 95% confidence intervals (95% CI). The Statistical Package for Social Science (SPSS Inc., version 10.0 for Windows) was used for statistical analyses.
Results
The present cohort consisted of 97 men and 110 women (mean age 80.4 ± 3.0 and 80.5 ± 2.9 years, respectively). The detailed characteristics of the entire collective are presented in Table 1 . Hypertension was the most common risk factor (73.9%), while intermittent AF was highly prevalent (31.9%). Most patients (72.5%) were dependent at hospital discharge. Only 20 patients (9.7%) were on OA before the index event, while 56 subjects (27.1%) were receiving antiplatelets. Anticoagulation was provided in 72 patients (34.8%, group A) at discharge and during follow-up, while in the remaining 135 subjects (65.2%, group B) aspirin therapy was administered. No statistically significant differences were documented between the two groups in terms of baseline characteristics (Table 1) .
During mean follow-up of 88.4 months (range 3-120), 132 (63.8%) deaths and 58 (28.0%) recurrent vascular events (52 strokes and 6 cases of systemic embolism) were documented. Intracranial haemorrhage was identified by means of CT in two patients on OA and in one on aspirin. Vascular disease was the major underlying cause of mortality, accounting for 46.9% of deaths (22.7% secondary to stroke and 24.2% from cardiovascular diseases). Infections were the second cause of mortality (21.2%), while the cause of death remained undetermined in 20.5%. The cumulative 10 year mortality and recurrence rate were 92.5% (95% CI 85.7-97.3) and 66.1% (95% CI 43.1-89.1), respectively. The annual event rate of vascular recurrence was estimated at 5.5% in group A and 16.3% in group B, while the annual rate of intracranial haemorrhage was 1.1% and 0.3%, respectively.
In order to identify independent predictors of long-term mortality and recurrence we performed Cox proportional hazard analyses (Tables 2 and 3 ). In the initial univariate analyses, age, sex, AF pattern, functional outcome at discharge and antithrombotic therapy were related to mortality. The 
Discussion
Efficacy and safety of OA for secondary prevention in AF patients have been established by the EAFT [7] . However, in that study, age was the main reason for ineligibility, accounting for 55% of the exclusions [7] . Subgroup analysis of a review of five primary prevention trials suggested that warfarin did reduce stroke in patients over age 75, but it was based on only 24 events [5] . As a result, the evidence for the effectiveness of anticoagulation in older AF patients is less impressive. Furthermore, several surveys have demonstrated that older age is a deterrent of anticoagulation independent of severity of stroke and bleeding risk [8] [9] [10] [11] [12] , suggesting that many physicians remain unconvinced of the net benefit of OA to older people [20] . Hence, our data provide additional information about the value of anticoagulation in secondary prevention in this specific age subgroup. The principal finding of this work is that after adjusting for known risk factors, anticoagulation therapy independently decreases the risk of recurrent vascular events by more than two-thirds and halves the risk of long-term mortality in AF stroke survivors over age 75. It should be noted though that our assessment of the effect of OA on long-term prognosis is observational and raises the issue of randomised clinical trials. The BAFTA study is currently being conducted in the UK and will provide further evidence of the risks and benefits of warfarin versus aspirin for stroke prevention among older people in a primary care setting [21] .
We observed an annual event rate of vascular recurrence of 5.5% in the coumadin-treated group, which is higher than reported by the EAFT (4%) [7] . On the other hand, our results are in keeping with the annual recurrence rate (5.1%) reported in a prospective cohort study which evaluated the efficacy of anticoagulation for secondary prevention in 288 elderly AF patients (mean age 76 years) [22] . The rate of recurrent vascular events in the aspirin-treated group of our cohort (16.3% per year) was higher than that in the EAFT (10%) [7] , but closer to that (20%) observed among high-risk older patients in the SPAF I-III trials [23] .
The under-use of OA in older AF patients is mainly caused by the fear of intracerebral haemorrhage [12] [13] [14] . In the SPAF II trial, the only primary prevention trial especially focusing on 385 older (>75 years) AF patients, the high rate of intracranial haemorrhage in the anticoagulant-treated group (1.8% per year) offset the reduction in IS [24] . In contrast, a meta-analysis of pooled data (223 cases) from other primary prevention trials found a substantially lower rate of intracranial haemorrhage in this age subgroup (0.3% per year) [25] . The documented rate (1.1% per year) in our cohort lies in the middle of the above-mentioned values. [20, 24] . Our results also indicate that anticoagulation therapy is independently inversely associated with long-term mortality, in contrast to the findings of the EAFT which found no significant benefit of OA on mortality [7] . Hospital-based studies have established cardiac disease and recurrent stroke as the major causes of death in stroke survivors with AF [19, 26] . An autopsy study verified that AF is an important cause of fatal first ever or recurrent IS in older people [27] . The efficacy of anticoagulants in preventing recurrent stroke and systemic embolism may therefore translate into lower longterm mortality rates in this specific age subgroup of stroke survivors.
Apart from anticoagulation therapy, our data identified age and the degree of post-stroke handicap as independent predictors of mortality. These results are in agreement with previous reports supporting age as the most robust predictor of death within 1-5 years after IS [28, 29] . Functional status at discharge has been acknowledged as a predictor of long-term mortality [29] . The pattern of AF has not emerged as an independent outcome predictor in multivariate analyses of our study population, despite its association with decreased stroke risk and mortality in the initial univariate analyses. This finding is in line with previous reports suggesting that intermittency of rhythm does not appear independently to influence stroke risk when other risk factors are considered [5, 30] .
Certain limitations of the present report need to be addressed. First, our assessment of the effect of OA on longterm recurrence and mortality is observational and therefore subject to selection bias. Even though functional dependency at discharge was similar in the two groups, it is likely that patients selected to receive coumadin were more able, motivated and generally fitter. Another limitation is related to the potential observer's bias during follow-up, affecting the documentation of recurrent vascular events, although these were mostly devastating or fatal and in most cases confirmed by means of hospital records and autopsy findings. Furthermore, we cannot provide detailed data concerning the patients' compliance with OA, the intensity of anticoagulation and possible complications. On the other hand, our dataset has a number of strengths. The observation period was longer than in the EAFT and SPAF trials. Although randomisation was not performed, no significant differences concerning baseline factors were documented between both groups. Finally, the influence of anticoagulation on long-term prognosis was assessed after controlling for age, sex, major vascular risk factors, dependency and comorbidities.
In conclusion, our results suggest that anticoagulation therapy is an independent predictor of decreased long-term recurrence and mortality even after taking into account all known prognostic factors in older people with AF and recent IS. Although the risk of intracranial haemorrhage while receiving OA increases with age [24] , so does the stroke risk [23] . People over 75 with AF and IS are considered as high risk by all the risk stratification schemes [1, 23] .
These patients consequently sustain the largest proportion of cardioembolic strokes and have the largest relative and absolute risk reduction in stroke by warfarin compared with aspirin [1, 4] . Our findings indicate that in older patients, the risk of stroke when not receiving OA appears to outweigh the risk of intracranial haemorrhage when receiving OA. The case of wider but judicious use of anticoagulation in older people is strengthened by this study, which shows that anticoagulation for secondary stroke prevention is feasible and effective in such patients.
Key points
• Antiplatelets versus oral anticoagulants are independent determinants of mortality and vascular recurrence in older patients with atrial fibrillation. Anticoagulation is associated with decreased risk of death.
• The benefits of anticoagulation for secondary stroke prevention in patients with atrial fibrillation extend to the oldest old.
• Prospective randomised clinical trials are needed to verify the potential benefit of anticoagulation in older patients.
